Abstract. We use atomistic computer simulation techniques to investigate the site partitioning of iron in (Mg,Fe)SiO 3 perovskites. Our calculations predict that the most energetically favourable reaction for iron substitution will be a direct exchange of Fe 2+ for Mg 2+. Substitution of Fe into the octahedral site and Si into the 8-12 fold coordinated site, as proposed by Jackson et al. [1987], is predicted to be extremely unlikely.
Introduction
Magnesium silicate perovskite is considered to be the most abundant phase in the Earth's lower mantle. Over the last decade, significant advances in technology have led to the production of single crystals of MgSiO 3 perovskite, which has allowed the structure of this important phase to be refined [Horiuchi et al., 1987] The probable composition of mantle perovskites, and the location of substitutional elements within the perovskite structure has attracted considerable attention. The location of iron (which could account for as much as 5 -10% by weight of the lower mantle) within the perovskite structure, has been of particular interest. Experiments have shown that the iron in the lower mantle will preferentially partition into magnesiowustite [e.g. Ito and Yamada, 1982] , and that for x>0.25, (Mgv•FeOSiO 3 perovskite appears to be unstable with respect to simple oxides. Jackson et al. [1987] have carried out extended X-ray absorption fine structure (EXAFS) and X-ray absorption near-edge (XANES) studies on Fe bearing MgSiO 3 perovskite. Their results led them to conclude that iron in magnesium silicate perovskite would preferentially partition into the octahedral site normally occupied by silicon, rather than replace Mg on the larger, 8-12 fold coordinated site in the perovskite structure. They further suggested, that the displaced silicon would occupy the 8-12 fold coordinated site normally occupied by divalent ions. The details of this crystal chemistry have recently been elaborated upon by Williams et al. [1989] .
The above proposed cation distribution represents an unusual crystal chemical situation, with a reversal of the cation site occupancy that might be intuitively expected. In this study, therefore, we have carried out a series of computer simulations to test the above scenario. We have used an atomistic approach based on the Born model of solids, where a potential function represents the interactions between atoms or ions in the system, to investigate the energy of a variety of cation substitution reactions within a predominantly pure MgSiO 3 perovskite.
In the following sections the methodology used in this study of the location of Fe in the perovskite lattice will be briefly described, and the basis of the defect energy calculations Copyright 1989 by the American Geophysical Union. The O-O short range parameters were derived theoretically using Hartree-Fock methods [Catlow, 1977] (Fig. 1) . In region 1, which contains the defect at its centre, an explicit atomistic simulation is carried out to adjust the coordinates of all ions within the region until they are at positions at which no net forces act on them, i.e. they are relaxed around the defect. In region 2, the effects of the defect are relatively weak and the relaxation can be treated by more approximate means. Using the MottLittleton approach, a defect with charge q causes a polarization P, at a point r according to: P = qr'3(1 -60")r
where 60 is the static dielectric constant. For the two region approximation, the total energy required for defect formation is given by:
where E 1 is the energy of interaction of atoms in region 1 with coordinate vector x, E 3 the energy of ions with displacement y in region 2, and E2(x,y ) describes the interaction between the two regions. When y is sufficiently small, as is generally assumed, E 3 can be expressed using the harmonic approximation as: Table 2 . These values were used to calculate the energies associated with the defect reactions given in [1987] could be described by reactions 2 and 3. The former being for isolated exchanges and the latter for bound defects. Both reactions are predicted to be extremely implausible with formation energies of 6.9 and 5.5 eV respectively at 0 GPa. There is a small decrease in energy if the defects involved are bound, but not enough to make this a viable process. The effect of pressure on this system is to make the substitution of Fe 2+
into the octahedral site even less energetically favourable. In the fourth reaction, Fe 2+ substitutes for Si in the presence of an oxygen vacancy, and thus obviates the need for Si to enter the 8-12 fold coordinated site. However, although this represents a more favourable means of substituting Fe for Si, the formation energy of 3.6 eV at 0 GPa is still much higher than for reaction 1, and again is still further destabilised by increasing pressure. From Table 2 , it can be seen that the formation of a Si vacancy requires a large amount of energy and therefore any reaction involving Si vacancies will be extremely unfavourable. Also included in Table 3 
